approximation).
3 Hence it is important to look for Berry's phase experimentally.
The optical effects predicted by Chiao and Wu allow such observations. The Bose nature of the photon permits optical manifestations of Berry's phase on a classical, macroscopic level, unlike the case of Fermi particles. Thus an intuitive understanding of this general phase factor emerges. One of their predictions is the appearance of an effective optical activity of a helically wound, single-mode optical fiber. They showed that the angle of rotation of linearly polarized light propagating down the fiber is a direct measure of Berry's phase. This optical activity does not come from a local elasto-optic effect caused by torsional stress, but rather arises solely from the overall geometry of the path taken by the light, and hence is a global topological effect.
Thus this effect is independent of the detailed material properties of the fiber.
In 
characterizes the tangent to the curve followed by the fiber, and represents the angle between the local waveguide and the helix axes. in momentum space, H(g+ m/2) traces out a closed curve C corresponding to the fiber path on the surface of a sphere. The solid angle subtended by C with respect to the center of the sphere is given by
In the second experiment, the fiber was wound onto a cylinder of a fixed radius to form a nonuniform helix. The procedure was first to wrap a piece of paper with a computer generated curve onto the bare cylinder. Then the Teflon sleeve with the fiber inside was laid on top of this curve. (To allow for variations in fiber path while using a fiber of fixed length, we left a straight section of fiber path at the output end, which had a variable length. ) The solid angle in momentum space could then be calculated from the curve by unwrapping the paper onto a plane [see Figs. 1(b) and 2]. Let the horizontal axis of the paper, which was aligned with respect to the axis of the cylinder, be the z axis. Then the vertical axis represents rP, where r is the radius of the cylinder and g= tan '(y/x) is the azimuthal angle of a point on the curve with coordinates (r @, z ). The local pitch angle from Fig. 1(b by the solid line. The sense of the rotation, when one looks into the output end of the fiber, was found to be clockwise (i.e. , dextrorotatory) for a left-handed helix, in agreement with theoretical prediction. '
The typical vertical error bar in Fig. 3 represents the dominant systematic error in this experiment, namely residual optical rotation due to torsional stress in the fiber. In separate auxiliary experiments, the optical rotation in a deliberately torsionally stressed fiber was measured, and also the residual strain, i.e. , the twist of the fiber due to its rubbing against the stalls of the Teflon sleeve, was measured microscopically near its free end. From these measurements, an estimate of size of the vertical error bar was determined. The typical horizontal error bar represents the uncertainty in the determination of the solid angle f) (C) due to the fact that the fiber was free to roam within the 5-mm inner diameter of the Teflon tube. Random errors due to photon statistics were negligible compared with these systematic errors.
To check quantitatively the topological nature of the optical rotation, we replot the data in Fig. 3, Here D is a measure of the root mean square deviation of the fiber path from a uniform helix. By inspection of Fig. 4 , one arrives at the conclusion that the specific optical rotation 50/50 is in all cases independent of the deformation as quantified by the parameter D, and is therefore independent of geometry. This confirms the topological nature of Berry's phase. Since b, O/AQ, is a direct measure of o. , ' one can view Fig. 4 as experimental evidence for the quantization of the "topological charge" of the system, which in this case is the he-
